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Introduction 
Panter & May (1997) attributed changes in the species composition and extent 
of vegetation in an Epping Forest pond to the impact of drought between 1989 
and 1996. Despite Wheeler's (1998) salutary lesson that the benign years prior 
to 1989 were due to a leaky adjacent storage reservoir, the observed "rapid and 
dramatic change in vegetation" nonetheless appears to have been determined 
by hydrology. Drying-out has been cited as a significant factor determining 
pond vegetation (e.g. Jeffries 1991a; Biggs et al. 1994). However, "rapid and 
dramatic change" may occur without gross, deterministic pertubation. 
This note describes changes to the relative extent of four structurally 
dominant submerged macrophytes in a pond on Holy Island National Nature 
Reserve, Northumbria, between 1991 and 1998. Differences between years are 
suggestive of chaotic population dynamics. 
Quarry Pond, Holy Island 
Holy Island (Lindisfarne) is a small island off the north-east coast of 
Northumbria (e.g. O'Sullivan & Young 1995), near the border between England 
and Scotland: Quarry Pond lies at the eastern end of a disused limestone quarry 
in the north-eastern part of Holy Island National Nature Reserve (Ordnance 
Survey map reference NU 132 435); the surface area of the pond is 106 m2 and 
maximum depth is 0.3 m. The quarry supplied lime-kilns throughout the 
nineteenth century; the last smelting was in 1885. The quarry pond is shown on 
an Ordnance Survey map of 1889, though it may be older; it has no recorded 
management (Phil Davies, personal communication). There is no known 
pollution or anthropogenic interference. The shallow pond retained water 
throughout the period 1991 to 1998, although other ponds on the island, within 
the NNR and the adjacent human settlement, dried out by early summer in 
1995, 1996 and 1997. The vegetation in Quarry Pond was surveyed on 6 June 
1991 (Table 1) as part of a survey of Northumberland ponds (Jeffries 1991b), in 
which macrophyte species were recorded using the DAFOR scale (see Table 2). 
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Table 1. Physicochemical characteristics and macrophytes in Quarry Pond, Holy Island, in 1991, (* 
Malterniflorum was first found in 1992). Values for physicochemical variables are means and 
standard deviations of five samples determined for pH, conductivity, dissolved oxygen measured 
by a portable electrode, alkalinity by titration, phosphate and water turbidity measured by 
spectrophotometry. 
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From 1992 through 1998 the pond was revisited during the first week of June 
and the extent of the four structurally dominant submerged macrophytes, 
Chara hispida L., Ranunculus aquatilis L., Myriophyllum alterniflorum DC, 
Potamogeton gramineus L., and bare substratum, were again recorded (Table 
2). 
In 1991 the vegetation was akin to vegetation type Al3 of Rodwell (1995), 
i.e. a pondweed community of Potamogeton perfoliatus - Myriophyllum 
alterniflorum. The pond is alkaline, with conspicuous deposits of marl on the 
macrophytes. The high pH may result from photosynthetic elevation in the 
shallow water. 
Changes in dominant macrophytes from 1991 to 1998 
The estimated extent of the four submerged macrophytes and bare substratum 
between 1991 and 1998 shows annual differences that are every bit as startling 
as the "rapid and dramatic" changes described by Panter & May (1997). 
Dominant species change between years and there is no obvious pattern or 
periodicity to the changes. There are no identifiable natural or anthropogenic 
causes. 
The aperiodic and substantia] differences in the relative extent of three of the 
four macrophytes suggest deterministic chaos (Stone & Erzati 1996). 
Reviewing the nature and significance of chaotic dynamics in plant 
populations, Stone & Erzati bemoan the problems of reliably identifying 
chaotic patterns and in particular the need for a time-series of at least 500 
"periods", i.e. 500 years in this case, not the mere eight periods available. 
Nonetheless variation between years, coupled with the apparent lack of cause, 
suggests chaotic dynamics. 
Annual variation of Chara 
The Characeae have a reputation for transience, boom and bust, their colloquial 
name of quarryweed reflecting their rapid appearance in water-filled 
excavations. Wood (1950) noted the variation in stability of Characeae as 
components of pond vegetation in Massachusetts. Based on four ponds in New 
York State, Crawford (1977) suggested that the survival and dominance of 
Characeae depended on facultative or inhibitory impacts from microalgae; the 
facultative processes involved microalgal alteration of nutrient regime prior to 
seasonal macrophyte growth. An alternation of initial conditions, followed by 
alteration of subsequent events, is now recognised as a feature of chaotic 
systems. Grillas et al. (1993) also note the inter-annual variation of Chara 
swards and contrast this variation, apparently decoupled from oospore 
abundance in seed-banks, with the correlation between seed-bank and sward-
size of angiosperms in temporary marshes. Holy Island Quarry Pond does not 
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dry out. The angiosperms and Chara regrow each year, though Chara can 
over-winter as mature plants, which may confer an early advantage. However 
the annual race for dominance appears uncertain. 
Annual variation in other macrophytes 
The observed annual variation only occurs in the three structurally dominant 
submerged macrophytes, i.e. Ranunculus aquatilis, Myriophyllum 
alterniflorum and Potamogeton gramineus (Table 2). The extent of wetland 
taxa and low-growing Littorella uniflora remain consistent. The annual 
regrowth of the submerged macrophytes may be sensitive to initial conditions 
and much more sensitive to water physicochemistry than the wetland taxa. The 
consequences of minor differences early on in the season magnify through into 
the summer sward structure, before winter dieback wipes clean the ecological 
stage. 
Conclusion 
Substantial inter-annual variation in the dominance of three submerged 
macrophytes in the Quarry Pond on Holy Island, in the absence of natural or 
anthropogenic perturbation, suggests chaotic dynamics. Chaotic variation may 
be an important character of submerged pond plant populations. The 
indeterminacy of many pond classifications based on surveys taken in a single 
year suggests that mechanistic correlations between environmental variables 
and macrophyte assemblages may be weak. Inter-annual variation is the 
characteristic feature of such communities, not the patterns found in a one-year 
snapshot. Statistical detection of chaotic dynamics is thwarted by the need for 
long-term data. By a happy irony I expect that work such as that of Panter & 
May, based on field study-sites revisited year after year, will provide the 
answers. 
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